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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

EESEARCH MEMORANDUM
A SUMMARY AND ANATYSIS OF DATA ON DIVE-RECOVERY FLAPS

By Ise E. Beddy eand Walter C, Willlams

SUMMARY

The results of numercus unrslated tests of dive—recovery flaps
are collected in this report and presented in a form sultable for
use in the preliminery design of dive-recovery flap installations,
Since the dats were obtalned for asirplene models of gulte widely
varying configurations, and are limited largsly to & Mach mumber of
0.80, 1% is recommended that each new installation be carefully
flight—tested. before £inal approval. A flight—test procedure is
outlined which will insure 2 maximum degree of safety.

IRTRODUCTION

Conslderable difficulty has been experienced with many
modern conventional slrplanes in recovering from high-speed dives.
As a result, varlous corrective devices have been Investigated,
the most successful of which has been the dive—recovery flap. This
device is a small split flap movnted on the lower surfaece of the
airplane wing. A typical installation on a wind—tunnel model is
shown in figure 1, and an experimental installation on an a.irplane
for flight tests is shown in figure 2,

Dive—recovery flaps were tested first in the Ames 16-Foot high—
speed wind tunnel in October 1942, and were first tested in flight
by the Lockheed Aircraft Corporation from December 1942 to April 1gh3.
Subsequent flight tests were mede by the Army Alr Forces and the :
Republic Aviation Corporation with a Republic P-47 airplane and by
the Langley Memorial Aeronsutical Leboratory with a North American
XP-51 airplane. Mcre recently the Ames 16-foot high—speed wind
tunnel has tested dive—recovery flaps on e number of airplane models
In conjJunction with more general Ilnvestigations.

It is the purpose of this report to collect all the available
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data on the subject and present them in a form which will serve as

a gulde for the preliminery design of dive-recovery flapa. By
necessity, many factors pertaining largely to airplame configuration
have heen ignored. Consequently, a filght—test procedure 1ls rscom—
mended. It is believed that the date presented herein, 1f used in
conjunctlion with the recommended flight—test procedure, wlll faclili-~
tate the developement of eatisfactory dive-recovery-flap lnetallations
for most conventional airplanes. ' -

SYMBOIS

The following symbols are used in this report:

General

v free--stream velocity, feet ﬁer second
p free—-sgtream mass density, slugs per cubic foot
o} free—stream dynamic pressure (%ﬁvz), pounds per square foot
M Mach number(/ 'l - )

\velocity of sound
AM increase of Mach number over that for lift divergence
P progsure cos_:fic jont

[(local gtatic prassur§)~(ffee;éffeaﬁ étafiéupféssure)]
- q ) J

Por critical pressure coefficient (P at which the local velocity
equals the local velocity of sound)

g acceleration of gravity, feet per second per second
Faa dacroase of total pressure from freo-stream total pressure,
pounds por square foot
Alrplane or Model Dimennions

s wing aresa, square foeet
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S

o’

M,A.C.
Cw
cf

Ca

Cr,

Ay

total flep area, square feot

wing span, feot

total flep span, feect

elevator span, feet

wing moan asrodynenic chord, feet
average wing chord at the Tlap, feot
average flap chord, fect

nmocn—square olovebor chord, squors feet

longitudinal distence from the wing lecding odge, feet
Coefficients
1ift coefficient (%)
z
pitching-moment coefficiont (Ritching noment
as M.i.C.

increase of pltching-moment coefficlent for conmbont 1ift
cogfficient dus to the flaps

incroase of wing piltching-moment coofficient for constent 1ift
coafficlont due to thoe fleaps

increase of drag
151

-
elevator hinge-moment coefficient (2ievator bingo moment
q4 ce2 be

increase of dreg coefficient duc to the flaps

Angles
alrplene or model angle of attack, degroes

‘uncorrected engle of attack, degroes

Increase of angle of attack for comstant 1ift coefficlent
dus to the fleps, degrces
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at, airplene or model tail angle of attack, degroes

Ja's 28 increase of tell angle of attack at constant 1ift
cocfficiont duas to tho £lsps, degrooes

&p flap doflection, degrecos
(%Y olovator dofloction, degroos
ABoq increaso of olovator floating angle due to theo flaps,

degroos

RESULTS
Sourco of Data

The wind~tunnel data collocted in this report src the rcsults
of numerous unrelatod tosts conducted in tho Ames l6—foot high-—sepeed
wind tunnel from Octobor 1942 to Junc 1945, Soveral improvoments
of the model support system wore mada durling this poriod, partic—
ularly with regard to incrcasing its critical Mach number end
reducing 1ts Iinterference at high Mach numbors. Although a2ll the
data have been recently corrected for taros, comstrlction, and flow
inclination dvue to the support systom vccording to latest knowledge,
acme discrepancles may bo prosent bocausc of tho verylng intorforonco
of different support systems and difforent flap positions rolativo
to the supports.

Thoe £light date eroc the resulta of tosts conducted by tho
Langley Laborstory.

Progentation of Roaults

Baglc data .~ The offect of divo—rocovery flaps on the 1ift and
pitching-moment characteristics of the modols testod in tho wind
tunncl is shown in Piguros 3 to 14. Included in oach figurc is a
half plan viow of tho model as well as pertinont goomctrical iaforma-—
tion on the flap instellation, Additional Informatlon concorning
the bohavior of the flaps may bo gainod from figuros 15 and 16,
which show tho offect of typlcal installntloms on the wing chordwiso
prossurc distribution and on the wing weke ot tho horlzoniel tail
plano. Tho drag cosfficient duo to all the flops tosted 1s sumna—
rizod in figuro 17 for tho purposc of determining thelr effect on the
velocity of the alrplanc., It should be notod thet tho dreg



MACA RM No. ATFOQ 5

coeffliciont of each Installation was divided by the raitio of
projected flap frontal area to wing area in order to account for
difforont flap sizes on the various models.

Flap effcctivoness.— Although the purpose of the dive—recovery
flaps on a particular alrplanc is to Increase its trim 1ift coeffil-
cient, it is most convenieunt to consider flap offectivencss as the
increase of pitching-mament coefficient at a givon 1ift coefficilent.
By so doing, the effoct of conbter—of gravity position is eliminatod.
Furthermore, in order to reducc tho date Lo a form sultabls for
gonoral applicetion, it is necessary to consider not tho totel
pitching momont incroment hut the individusl contributing factors.
Thoso aro (1) the offect on the wing pitching-moment charscteristics,
and (2) tho offcct on thoe tail 1ift (or pitching moment due to the
tail). Tho socond factor mey be attributod meinly to a change of
tail anglo of atteck and a change of olevetor floating angle. {(The
rosults indlcate that changes of tail officlency are small and may
be neglected.) Thorefore the total pitching-moment coefflcient duo
to the flaps may be reprosonted by the following equation:

Aom = ACmyy + Lot <§g§>m + ABgg <%§§)a¢

In turn, the change of tail apngle of attack may be attributed to a
change of airplane angle of attack for a glven 1ift coefficient and
to a chango of downwaslh at the tall dus to the altored spanwlss
distribution of 1ift with tho flaps defiected. Both are dspendont
upon the lift developod by the £laps. Henco, the change of tall
onglo of atteck may be reprosentcd by the product of (1) the change
of alrplonc anglo of atteck for o givon 1ift coocfficiont, which is
lergoly a function of tho slze and chordwisc location of the flaps,
end. {2) tho ratio of change of tail angle of atteck to chengo of
airplanc anglo of attack, which 1is mainly a function of spanwiso
location of thoc flapa. Thoreforo,

S0m = Xmyg  + m(é%)(%m + ABeg (%)mt (1)

Also, 1if the slevator characteristics arc linear withln the range
being considerod, and it is assumod that the change of clevator
floating angle is sttribulasblec mainly to the change of tall angle
of attack,
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and
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It should be remombered that the change of teil angle of attack
considered hore is an averago along the span of theo tairl, and oqua—
tion (2) ie eppiiceble only iIf the tall charscteristics are essen—
t1ally constant along tho span.

Volues of ACmy, O, ond Aay/Aw were computed for cach flap
installation tested and arc givon 1ln figuros 18 to 21, eince all
other fectors in the forcgoing equation are charoctoristics of tho
particular airplane and not of tho flaps. Sinco most of tho flaps wora
tostod at soveral deflections, plots were first made of Lo agoinst
the ratlo of projocted flep frontal area to wing area and of Ame
agalnat the ratio of the product of the projected flap fromtal aroca
and wing chord at tho flap to the produict of wing arca and moean
aerodynaemic chord (such as the eoxample in fig. 18). An overage
linear variation throughout the usable range wag assumed as Indicated
by the daosghed lines in the oxample; the slope of these lines was
then takon a8 tho effectiveness of the flaps and plotted against
Mach numbor in figure 19, Velues are shown for 1lift coefflclonts of
0.00 and 0.40, corrosponding to typical conditions for a vertical
divo and for modorate recovory from a high—specd dive. In flgure 20
the offectivoness is shown as a function of chordwlse location of tho
flapyg for comstant values of Mach number relatlve to the Mach
numboer of 1lift divergence, However, it should be remembered that
the resulie are for models having quite varied comfigurations, and
the effects shown mey not be dus entirely to chordwise locatlon.
Complote data for fleps at various chordwise positions on the same
model are evallablo only for the YP-80A model, and the curves shown
in flgure 20 are faired through the data obtained for this model.
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Piguro 21 shows a front view of each installation tested and the
corvesponding valucs of Aat/Ax. (Plots wore first mede of Aatfia
which rovoaled no approciable variation with flap deflection.)
Figures 22 and 23 show typlcal offects of flaps on the elevator
charectoristics, Figure 24 presents the results of flight tests
made with o small airfoil mounted in the high-spocd—flow rogion of
the airplone wilng in ordor to obtain quolitetive Information
concorning tho cffoctivencss of dive—rocovory flaps at Moch numbers
near 1.0,

Although it is realized that meny secondary fectors (such as
airfoil sectlon, wing aspect ratioc, ond support intsrferenco). influ—
once the effoctivonesse, 1t 1s imposalble to complotely determine
theilr magnitude fram the data at hond. For this rcasom, 1t is
dosirable ‘that cach now installotion be carcfully flighi~teosted before -
final approval, Figurc 25 shows the rosults of such o tost.

DISCUSSION
Goneral Behavior of Dive-Recovery Flaps

Flap deflection.~ A1l the flaps tosted were well forward of
the wing trailing odgs end exhlibilted the gencral cherncterlstics of
spoilera. For low Mach numbors the smell doflecticns were relatively
incffoctivo ard in some cesoe had reversed effoctivoness. For high
Mech numbers, however, the roversel tonded to discppoar, and for
practical purposcs the effectiveness may bo assumod to vary linearly
with thoe projocted flap frontal erca. (See fig. 18.)

Mach number.— In generel, tho cffectiveness of the flaps
increcsed conslderably with increaslng Mach muber to well past tho
Mech number of 1ift divergonce. ({Seo fig. 19.) 4&s shown in the
typicel prossurc distribution (fig. 15) tho pressure recovery eft
of the flop was less campleto at high Mach numbers, causlng =
considerable incroment of negative preasure ovor e large portion of
the upper wing svrface. Also, the uppocr—surface shock moved aft
when the flaps wure deflocted, Both of these offects contributed
to the flap offoctivencss. Howaver, thoro is evidonce that the
effoctlvonocss will docroase sharply gbovo somo Mach npumber botweon
thaet for 1ift dfvorgonco end o Mach number of 1.0. (Soce fig. 24.)
Moroovor, it is bolleved that the Mach number et which the flap
offectivonoss decreases will more closely approsck the Mach number
of 1ift divorgence as the letter epproaches a valus of 1.0. It is
important, then, that extreme caution be oxorcleed in testing dive—
rocovery flaps on alrplance having a very high Mnch mumber of 1ift
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divergonce.,

It will bo notod that tho incromont of wing piltching-momont
coofficlent due to the flaps became moro nogative as thoe Mach muwbor
increased. (Seo fig. 19.) This is duec to the fact that the increasa
of Mach numbor ceused an Increogse of flap effoctivoness which wnas
cppliod largely to tho wing oft of the position of tho uppor-surfaco
shock., In ordor to provent sorlous changes of tall loads and o
docreasoe of the totol flap offectivences, it is dosirablo that tho
chango of wing pilitching-moment coefficlont be as small as possiblo.

Location on tho wing.— In prescenting tho rosulte 1t wes assumed
that the factors A% end Almy are predoamlnantly affected by tho
gize and chordwise location of the flaps on the wing, whilze tho
factor Aat/A is largoly a function of the spanwlso location of
tho flaps. Thig assumption is based on simple thoory and should bo
valid oxcopt for casos whore three—dimonsionsl offects arc large
(such as for fleps moar the wing tip), or for instellations which
are greoctly affected by interfercnce of fuselage, nacollos, etc.
Mcreover, it should be noted that most of the wings tostod wore
eagentially unewept gnd the values of Alyy glven in this roport
will not necessarily be correct for wings with considorcbles sweop.
A swopt-back wing with flaps inboard of tho moan aorodynsmic chord
probebly would oxhibit morae positive values of &m,. Also, the
effoctivoncsa of the flaps probably would be less on highly swupt
wings due to the crogs flow.

In gonoral, the flops located well forward on the chord of tho
wing wore more setisfactory then those necarer the trailing odgs.
(Seo fig. 20.) The forword flaps produced a grectur decroaso of
anglo of atteck for constent Lift coefficient, and also causod
smaller nogetive shifts of tho wing pltching-momont coefficlent.
Lerge negative shifts of the wing pitching-momont coofflcient
should be avolded since thoy not only reduce tho total effectlvonoss
of the flaps but may csuge ssrious incroascs of tail loads. Howover,
thoro 18 a practlical limit to tho forward location of the flaps,
The range of positive 1lift coofficlonts for which the forward flaps
wore effectiva wos considorebly =mmallor than that for the roarward
flaps. (See fig. 5.) Also, the flops in the moro rescrward positions
nmainteined their offectivencsa to a elightly hiighor Mech numbor than
did thoso ncaror the loading cdge, especilally at tho highor 1ift
cocfficients. Apporontly the flow behiind the flops which wore woll
ahoad of the lowor—surface minimum—presgurc point hed a strong tomnd—
oncy to roturn to the wing surface. For this roason, dive—rocovery
flaps on airplaonce requiring a high 1ift coofficient for dive rocov—
ory should bo located ferthor aft than those on alrplnnes requiring
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a Jower 1ift coofficlont. It appears that the opbizmum chordwise
ficp location for airplanes requiring epproximatoly 0.40 1ift coeffi-—
clsnt is about ono—third of the wing chord back of the leading eodge..

Tho change‘of tall angle of attack /5 1s shown in figuro 21
for all the fleps tested. Velues of Aag/Aa varied from cbout 0.8

for a model with tho flape completely outbosrd of the t2il to about
2.0 Tor a twin-fusclage model with the flaps ontirely in fromt of ihe
tail, Typicel valuos for fleps partially in front of tho tail wero
betwecon 0.9 cnd 1.2.

Wing soction.— No comprehensive reosults are availlable which
willl show tho offocts of wing scction on the behavior of dive—
rocovory flaps. It has slready boen montioned that the chordwise
position of the upper-surfacce shock night affoct the wing pitching-
nonent coefficiont due to the flaps, cnd that the chordwisc position
of the lowor-surfece minimuwnrpressure point probably affects tho
behovior of f£fispe located ncar tho wing leeding edge. Within tho
range uscd on airplanes at present, wing-thickness ratlo must be
accounted for inzasmuch as 1t affects the Mach nwmbey of 1lift
divergence. .

~t h iatics.~ In developing cauction (2} of the
section cntitled "Results," 1t wes assumod that the change of
alevator floating cngle due tc the flnps arocse from the change of
tell anglo of attzck. This cesumption is substantiated by the
rosults shown in flgepreas 22 end 23. The dive-rscovery flaps 4id
not groatly changoe the elevator floating angle of the model whose
olevator hingo noments wore essontielly unaffected by changes of
tail angle of attack {or airplane 1ift cocfficient). However, a
lerge change of elevetor floating asnglo was noted for the model the
elevotor hingo namenits of which varied considerably with t=2il angle
of attack, At s Moch number of 0,70, tho elevator hings noments
with the fleps defloctod ocppomved to be ebout the same for & 1ift
coefficiont of 0.40 as they wore with the fleps rotracted for s 1ift
coefficiont of gbout —0.1. This indicates that tho fleps decrsased
tho tail angle of atiack about 3.5° (uslng a measured value of 7.0°
for dJat/dCE). The 1ift and pitching-noment results (figs. 11, 19,
and 21) indicaete o decrossc of tall engle of attack of 3,1° and 3.6°
at l1ift coofficients of 0.00 and 0.40, rospoctively. In view of tho
absence of Informetion for & wider range of models, the rosulta aro
concluegive cnough to Justify the assurption.

It is significant that tho flaps did not chonge the elovator
offectivoness of the two modsls for which date are availablo. As a
result, it cen be assumod that the horizontal~tail effactivencss
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would not bec seriously affected, cnd flep—retracted values of
(3Cm/d%0)ay, ond (3Cm/dat)y mey be ueed in the oquotions
for total pltching—moment coefficient due to the flapa.

Structural and Mochanical Consideratioms

lap loads.— Limited prossuro=distribution noasurcrionts have
hoen mado on typical dive—rocovery flaps which indicatec a trapezoidel
chordwise loeding with o maximm loadling at the hinge lino. For
practlical design purposos a unliform chordwiso loading may bo uscd.
Bxcept for snall doflections where the pressuros night be reversed,
the normel-force coefficient may be assumed to vary linoarly with
flop defloction to a volue of 1.1 for d deflection of 4S°,

Ratg of ficp defloction.— The flap actunting mechanism should
be supplled with sufficient power to deflect the flaps rapidly. The
ratos of flap defloction for succossful installations tested in
flight have boen such that full flap doflection was reaciied in 1 to 1%
soconds. Blower rates of deflection result in dangorous response
lag and & conscquent greator loss of altitude during rocovery from
a dive. In addition, the adversoc offocts of the fleps for small
deflections are accontuated.

Buffeting.— It has boen shown that the most effective spanwisc
location for dive-recovory flaps is directly in front of tho hoxri-
zontal tail, Although no conclusive dnia arc availablo on tho
natter, there may boe some dangoer of teil buffoting with flops in
this locetion. Thoerofore, o comprinisc spanwise location 1s
reocormonded that pleces the flaps in front of only the outboard
portions of the tail, especlally on airplancs which do not have a
particularly high teil position with rospect to the wing, Also,
isolated cases of wing buffoting heve been reporited with divo-—
rocovery flaps deflectod, whorein the landing flaps vibratod through
a. comparatively small amplitude., It 1 believed that this was duo
to a small amount of pley in the landing—flap rostrelnt mechanisnm.

Recommended Deglign Proceodurc

It has been shown that the effectivoness of divo-rocovery flaps
in incroasing the piliching-momont coofficiont of cp alrplanc la
malntained past tho Mach numbor of 1ift divergence for the alrplano.
Howevoer, tho trim lift coefficient and resultant accelsration aro
less at Mach mubors above that for 1ift &lvergonco boczuse of the
increasod stetic longltudinal stebility. (Seo fig. 25.) -Honco, a
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successful dive—recovery flap Inetallation 1s one which will effect
sufficient {but not excessivs) recovery of the airplane from a dive
to any Mach number and altitude, which the airplens is capable of
attaining, without causing undue stresa on any part of the alrcraft
structure, The following procedure for the preliminsry design of
dive—recovery flaps for a particular alrplane is offered:

1. Establish the Mach number, altitude, and 11ft coefficlent
at which the recovery is desired. (The drag due to the flaps may
be nsglected since appreclable changes of drag affect the velocity
only slightly sbove the Mach mumber of 1ift divergence.)

2. Compute or estimate the elevator—<ree piiching-moment
characteriatics of the airplans with the normal center—of-gravity
position for the above Mach number., From those characteristics
determine the pitchling-moment-—coeffliclent increment necessary to
trim the airplane at the 1ift coefficient of step 1.

3. Select a flap locetion on the wing which is structurally
suitable for the airplane (around 30 ar 4C psrcent of the chord and
partially in front of the horizontal tall if possible).

L, Assume the flap size For a comparable installation from
figures 3 to 1.

5. Compute valuos for Ac, OAlm,, and AdpfAa from figures
20 and 21 for the flap eize assumed end & deflection of 30°. (This
will allow same adjustment of the effectlveness during flight tests
if necessary.)

6. Compute ACm wusing the equations developed in the section
entitled "Results." If the elevator characteristics are linear
within the renge being considered, equation (2) may be used; cther—
wisgc, the change of elevator flcating angle should be determined
directly from the elevator characteristics and equation (1) should
be used.

T. If the ACm computed in step 6 does not agree with that
of step 2, repesat the procedure with & different flap size.

Once the flasp size 1is esbablished, it would be wise to compute
the accelsratlion availasble from the flaps for all Mach numbers and
altitudes which the airplane is capable of attalning, for both the

naost forward and the most rearwerd center—of-gravity position. Also,

the tail loads with the flaps deflected should be checked if 1t
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appoars that the flap location chosen will result in an approciable

value of Aly,..

Recommondeod Flight-Test Procedure

In viow of proviocusly mentioned deficiencies of the avallablo
data, 1t is doeirable that each new dive—recovery-flap installation
be carefully flight—tested befora finsl approval. A atop-by-stop
procedurce is rocommended which consigts of trimming the airplanc
for a glven spoed and deflecting the flaps. The stick—Froe condi-
tion should boe simulated and tho olevator control used only to
prevent sxcossivo accolerations, Moonsuremcnte should be moade of the
Mach numbor and altitudo at which tho flaps are deflected and of the
‘maximum azccoloretion obtalned during the rosulting manocuver.

Runs should be made throughout the speed range, but it is
doslrable that the firet runs be made et comparatively low Mach
numbors and high altitude in order to avoid aexcessive accolerationms.
& running record should be kept so that the flap effectivences at
the highor Mach numbors may be anticilpated.

Partlcular care should bo exercised in obtaining data above
the Mach number of 1ift divergence for the sirplane. The desired
Mach number should be approschod gradually at the minimum diving
anglec necessary to attein that Mach number at the altlitude belng
used. As a result, the meximum Mach numbor of any particular run
will be only slightly greater than the Mach numbor for which data
have alroedy boen obteined. Following the ahove procauvtions will
rosult in cbhtaining the necessary Information with & meximm
dogroe of safety.

CONCLUSIONS

An anslysie of the dmta colloctod in this report indicates
the following:

1. In order %o obtoaln maximum offectiveness, as well as to
avold tall buffeting and large increascs of tall loads, divo-
rocovery flaps should be located about one—~third of the wing chord
from the loading cdge with part of the flap in front of the out—
board portion of tho horizontel tail,

2. All the flaps testod were effective ebove the Mach numbor
of 1ift divergence for the aslrplane.
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2. The flap offectivensss probebly will become negligidble at

some Mach number betwesen that of 1ift divergence for the sirplane
and a Mach number of 1.0.

4, A1l new dive-recovery-flap installations should be carefully
flight-tested, especially those intended for use on airplanes with
& Vvery high Mach nmumber of 1ift dlvergence.

Ames Asroneutical ILsboratory,
Netional Advisory Committee for Asronautics,
Moffett Pield, Calif.



BOALY "ON WY VOVN

NACA .
i AAL.
]; P e 5560 ‘_1 . :;;‘i_'

Figure 1.~ Typical dive-recovery-flap installation on a
wind~tunnel model.
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(b) Flap fully retracted.

Figure 2.- Dive-recovery flap located on left wing of the
XP-51 airplane.
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